Background -The importance of cytokines in the asthmatic inflammatory response is becoming apparent. The aim of this study was to determine whether the non-invasive method of induced sputum combined with the polymerase chain reaction would allow the detection of messenger RNA (mRNA) encoding a range of cytokines on a qualitative basis. Methods -Four groups were studied comprising 10 normal subjects, six atopic, 10 mild and five moderately severe asthmatic subjects. Sputum was induced by the in-
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Background -The importance of cytokines in the asthmatic inflammatory response is becoming apparent. The aim of this study was to determine whether the non-invasive method of induced sputum combined with the polymerase chain reaction would allow the detection of messenger RNA (mRNA) encoding a range of cytokines on a qualitative basis. Methods -Four groups were studied comprising 10 normal subjects, six atopic, 10 mild and five moderately severe asthmatic subjects. Sputum was induced by the inhalation of nebulised 3'5% saline and total RNA extracted from the expectorated cells. Expression of cytokine message within induced sputum was examined by reverse transcription and the polymerase chain reaction (PCR) using primers specific for a range of cytokines (IL-la, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, RANTES, TNFa, IFNa, IFNy). Presence or absence of the signal was determined at 35 and 70 cycles of PCR by electrophoretic size fractionation on ethidium bromide stained agarose gels. Results -Cytokine message was detectable in sputum by this method. All samples showed a positive result for actin control. Analysis of signal for the cytokines in all subjects showed that, at 70 cycles, IL-1, IL-5, IL-8, and TNFa were detected in more subjects than would be expected by chance. IL-5 mRNA was detected in more of the asthmatic patients (moderate 80%, mild 40%) than in the atopic subjects (33%), who in turn showed expression of this cytokine in more individuals than nonatopic subjects (10%). Conclusions -The combination of sputum induction and PCR appears to be a useful, non-invasive tool to explore the chronic inflammation of asthma and possibly other lung disorders. It should enable differences between normal and asthmatic subjects to be identified for future confirmation by quantitative techniques. Cytokines are important modulators of the immune system and have been implicated in the pathogenesis of the inflammatory aspects of asthma, particularly those produced by activated TH,-like lymphocytes such as IL-4 and IL-5.1-' Asthmatic subjects have increased expression of mRNA encoding a number of cytokines including IL-5 in bronchial biopsy tissue4 and in bronchoalveolar lavage (BAL) fluid. 3 Both bronchoalveolar lavage and bronchial biopsy are associated with sampling problems and hazards, while the technique of sputum induction provides a non-invasive way to assess pulmonary inflammation.5 Sputum induction allows repeated sampling to be safely carried out as an outpatient procedure, even in those who have quite severe asthma. Combining the techniques of sputum induction and the polymerase chain reaction (PCR) may allow qualitative examination of the expression of a range of cytokine genes on small quantities of material. Using only a single sample this method could allow the simultaneous investigation of a range of cytokines which are now considered to function within interdependent networks, rather than independently. ' We have examined samples from a group of mild asthmatic patients who required only occasional inhaled 32 agonists to control their symptoms, and a group of more severe asthmatic patients who required inhaled steroid therapy. As controls we used a group of nonatopic normal subjects, and a group of nonasthmatic atopic subjects.
Methods

SUBJECTS
Ten normal, six atopic non-asthmatic and 15 asthmatic individuals were studied in a protocol approved by the Royal Brompton Hospital ethics committee.
Normal subjects (n=10) were defined by a negative history for asthma or allergy, negative skin prick tests to four common allergens, normal IgE, normal lung function tests, and log provocative concentration of methacholine causing a 20% fall in forced expiratory volume in one second (PC20) of >32 mg/ml. Atopic subjects (n=6) were defined by one or more reverse primer (0-25 mM), 1 6 units Taq polymerase (Promega). Thermocycling conditions were: 95°C for five minutes followed by 35 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 60 seconds, followed by 72°C for five minutes.
After 35 cycles an aliquot was diluted tenfold and this was added to a fresh reaction mixture for a second series of 35 cycles using the same conditions. Products were size fractionated on 3% agarose gel containing ethidium bromide, photographed, and assessed in a blinded manner. Apart from the determination at 35 and 70 cycles, no further attempt was made at quantification.
Primers specific for P-actin mRNA were used as a positive control at 35 cycles, histidyl tRNA synthetase specific primers were used as a sensitive control for DNA contamination,8 and samples without cDNA were used as negative controls. Specificity was confirmed by product sequencing.
PRIMERS
The following primer pairs were used: tum samples. It introduces a non-invasive way of studying a large number of cytokines simultaneously in a group ofdesignated individuals with a particular disease and enables comparison with normal subjects. The method that we used is qualitative and not quantitative, which allows a screening procedure to be performed thus reducing labour, time, and cost. Once trends in the cytokine expression have been demonstrated, more sophisticated techniques of quantitative PCR could be used.
The final proof of a particular cytokine being involved in a pathway has, however, to be the demonstration of the presence of the protein itself, rather than just the RNA message. Mild and moderate asthma were associated with more frequent expression of IL-5, which would agree with previously published work on bronchial biopsy samples.4 More asthmatic subjects had an IL-5 message than those with atopy alone, more of those with severe disease than mild asthma, perhaps reflecting differences in the numbers ofactivated TH2-like lymphocytes.
A potential role for IL-5 in the pathogenesis of asthma exists as it mediates eosinophil migration and survival and, in association with the pattern of RANTES expression, may at least partially account for the eosinophilia associated with asthma.4 This study also suggests that at 35 cycles of PCR there may be more frequent expression of IL-8 and RANTES in induced sputum from those with atopy and asthma than from normal subjects. The difference was seen at 35 and not at 70 cycles, implying a quantitative difference in expression. Both of these cytokines have been implicated in the pathogenesis of asthma. IL-8 has important effects on neutrophil and eosinophil migration and activation910 and RANTES is also chemotactic for eosinophils. These results need to be confirmed by further investigation, but IL-8 has been described in association with BAL fluid from asthmatic subjects." 12 Little difference was seen in IL-1 and TNFoa expression between normal and asthmatic subjects. IL-3 and IL-4 mRNA were not detected in this study despite positive controls confirming the activity of the primers. This is contrary to the findings of Robinson et at' and others who have studied IL-4,11 but the differences may be partially technical since our asthmatic subjects expectorated few lymphocytes or eosinophils. This may reflect the fact that all asthmatic subjects were deliberately chosen while in a stable phase oftheir disease. A non-significant trend to a sputum neutrophilia was seen in the asthmatic group on inhaled corticosteroids. The cytokine profile of neutrophils includes IL-Iot and 3, IL-8, IFNcz, and TNFoa, some of which may be participating in the inflammatory response.
Our results support the concept that cytokines have a role in the pathogenesis of asthma, particularly IL-5, and perhaps IL-8 and RANTES. These results are in agreement with those studies performed on bronchoalveolar lavage specimens and bronchial biopsy tissue."4"'"2 In this study atopy was associated with very similar findings to asthma, and there may be no clear distinction between the two conditions if they are part of an allergic disease spectrum.
We believe that the combination of induced sputum and RT-PCR is easily performed. Repeated non-invasive samples can be taken and sensitive quantification techniques, such as competitive RT-PCR and radioimmunoassay, could be applied to the cytokines implicated by this technique. Sputum induction is well tolerated and when combined with PCR provides a useful tool for the investigation of the pathogenesis of asthma.
